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Abstract: Global physical fitness (PF) levels have declined over the past 50 years, contributing to
early health risks in children although it is still unclear how age, gender and socioeconomic status
(SES) impact PF risk. This study aimed to identify unique health risks related to age, SES and gender
that might influence muscular fitness (MF) and cardiorespiratory fitness (CRF) levels of primary
school children in South Africa. Children (N = 349, boys = 165; girls = 184) of low (n = 201) and
high SES (n = 148) underwent three time point measurements at 6, 9 and 12 years spanning seven
primary school years. MF was assessed with the strength sub-test of the Bruininks–Oseretsky Test of
Motor Proficiency (BOT-2) and CRF with a 20 m shuttle run. Relationships between biographical data,
anthropometric data and PF were analysed using mixed linear regression models. After controlling
for covariates, findings from unadjusted interaction models were used, revealing significant (p < 0.05)
two-way age and SES interactions in standing long jump (SLJ), push-ups, wall-sit, sit-ups and
VO2max and age and gender interactions (p < 0.001) in sit-ups, push-ups and VO2max. Universal
cut-points are considered valid monitoring guidelines of PF risk in South African school children.
For comparison, standardised global protocols for sit-ups and push-ups should be prioritised and
intervention strategies should focus on improving PF in girls, older children from the age of 9 and
children from low SES backgrounds.

Keywords: physical fitness; health risk factors; muscular strength; primary school children; aerobic
capacity; cardiorespiratory fitness; muscular fitness; criterion reference standards

1. Introduction

The global decline in the physical fitness (PF) and physical activity (PA) levels of chil-
dren over the past decades emphasises the importance of monitoring secular trends [1,2].
Shifts in PF and PA levels across generations serve as valuable indicators of health risks
and should be employed for future health-monitoring purposes [3]. Health-related PF
includes components that are used to monitor health, such as aerobic capacity, also known
as cardiorespiratory fitness (CRF), muscle strength and endurance, flexibility and body
composition [4]. Several factors, including changes in means of transportation, access to
recreational activities and safe environments, reduced PE in schools, technology, school-
work, including studying for tests, and increased sedentary behaviour, are associated with
declining PA and PF levels [3,5]. These increased sedentary trends negatively impact
physical health and also adversely affect global health systems and economic growth [6].
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CRF is one of the vital health risk indicators for cardiovascular health during childhood
and adolescence [7]. Lower body strength assessed through standing long jump (SLJ) in
youth is also a health marker that can act as a practical and economical strategy to assess
health in children from low- to middle-income countries (LMICs), such as South Africa.
Because muscular strength has also been associated with vigorous PA and health risks,
more data to clarify the importance of this relationship are vital, especially for LMICs [8,9].

Gender is one of the main factors that influence PF in apparently healthy children
between the ages of 6 and 12 years [10]. Boys are commonly described as being more
physically active than girls, contributing to higher PF levels, specifically in strength and
aerobic capacity tests [10–15]. Several researchers have already established gender and
age-specific cut-points for CRF to assist with early identification of health risks in children
and adolescents aged 7–19 years old [5,7,16,17]. The Fitnessgram is a leading global toolkit
for assessment of health-related fitness in children and adolescents aged five and above
that provides gender- and age-specific cut-points to classify youth as in, above or below
the healthy fitness zone (HFZ) [18]. Age- and gender-specific CRF norms for European
children were updated by Tomkinson et al. [17] as these norms, established 10 years ago,
were outdated. Ruiz et al. [7] identified gender-specific cut-points for the assessment of
CRF to assist in identifying cardiovascular health risks in children aged 6 to 19 years old
which are also recommended to be universally utilised for comparative reasoning [5].

PF is currently used as a primary health marker to determine the prevalence of non-
communicable diseases (NCDs), to combat overweight and obesity as the main mode of
intervention and in prevention strategies to increase PF and PA globally. Great disparities
in CRF levels are also revealed between northern and southern countries [16]. In this regard,
the Global Action Plan on Physical Activity emphasises the identification of risk factors
that can counter PA participation which can lead to disparities between populations [6].
It is further imperative to establish a standard instrument of PA and PF measurements
for global comparability [19]. Hence, PF remains a risk factor in question and needs
more understanding from the scientific community [12,20] since age, gender and SES can
also be influential factors [3,11,21,22]. Obesity and undernutrition, which are global health
concerns, are also prevalent in the South African child population and are further associated
with poor PF levels [10–13].

Urbanisation in developing countries such as South Africa (S.A) could have a negative
impact on PF levels, which are of national health concern [23–25]. Researchers should
also focus on investigating the impact of SES on PF levels and, consequently, health risks
among South African children [15,25–28]. National assessments of PF should be performed
annually across the globe, including in South African schools [23]. Additionally, research
regarding the development of toolkits related to fitness measurements is recommended
to aid in evaluating these health risks [22]. Universal or national cut-points based on
age and gender will assist in comparing healthy fitness levels across all provinces in
S.A. These recommendations include the implementation of a national assessment plan
to track PF levels in schools. This recommendation provides a foundational framework
for understanding the reportedly low PF results in lower-SES groups and offers valuable
insights into environmental effects for both researchers and practitioners [5,15]. Researchers
found that physical fitness (PF) levels among South African children are influenced by
SES in various provinces of S.A, with low-SES groups being associated with lower PF
levels [26,29]. Younger children (8–9 years) have higher CRF scores than older children
(10–15 years) [15], indicating that they are healthier [5,30].

The occurrence of poor performance in PF tests, as well as a lack of specific cut-points
and norms in lower-SES environments within S.A, urges the importance of investigating
the relevancy of using international fitness standards for comparative reasoning [15,31]. In
addition, the necessity to further investigate the influence of age, SES and body composition
on PF test performance over a longitudinal period also arises [10,32]. Therefore, practice-
base evidence of PF as part of active monitorisation to assist in needs analysis for identifying
interventions is crucial as it seems that younger children exhibit higher levels of PF [6].
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Even though several studies report on factors related to PF of South African children,
those had small samples, mostly included adolescents, were limited to one province of
S.A, were cross-sectional or lacked gender or SES disparities [26,27,33–35]. Tracking PF
trajectories over the long term can assist in health promotion and intervention through the
development of toolkits [6,23].

This study aims to determine longitudinal changes in PF levels of South African
primary school children, considering age, gender, body composition and SES influences
and comparing the results with universal standards and global studies. Such findings
can be used to monitor high-risk and inactive fitness behaviour in children to inform
policymakers and to emphasise the need for interventions and health risk prevention.
Should a need arise from these analyses, unique PF thresholds can also be established for
the South African socioeconomic context via the longitudinal evidence from this population
of 6- to 13-year-old children in the NW province of S.A.

2. Materials and Methods
2.1. Research Design

This research is a sub-study of the Child Health Integrated Learning and Development
(NW-CHILD) longitudinal study that was conducted in 1 of the 9 provinces of South Africa
from 2010–2016, with three time points (2010, 2013 and 2016) over the primary school years,
including 20 randomly selected schools. Around 8% of the S.A population lives in North
West Province (NWP) which is marked by extreme levels of unemployment and poverty
(59.6%), particularly in rural communities (statistics SA, 2019). These statistics emphasise
the poor circumstances in the NWP compared to the 32.9% national unemployment and 40%
poverty rates [36,37]. Each district includes schools from quintiles one to five, with schools
in quintiles one to three having low SES and those in quintiles four and five representing
high-SES schools according to a classification system used in S.A [32]. The sampling
procedures for the NW-CHILD study are thoroughly explained in detail elsewhere by de
Waal and Pienaar [38]. Children had to remain in the same school to be included in the
study, thus the same SES classification was applicable over the seven-year timespan.

2.2. Ethical Considerations

The NW-CHILD study obtained ethical clearance from North-West University’s
(NWU) ethical committee (00070-09-A1). The North West Department of Basic Education
(DBE) also approved the study. Ethical clearance was further obtained for this sub-study
(00070-09-A1-04). Consent was also received from the participating schools’ principals for
performing tests during school time at the schools. Furthermore, every parent also received
an informed consent form to complete. Children whose parents provided consent for their
participation also had to give assent when younger than 8 years or consent when older for
participation in the study. Consent was obtained at each of the time point measurements.

2.3. Study Population and Procedures

Figure 1 provides a breakdown of the total participants and classification according
to gender and SES. The mean age and distribution of participants at each time point
measurement are also indicated in Figure 1. The initially recruited 860 participants who
were enrolled from 20 primary schools in 2010 (Grade 1) at baseline were 6.8 years (±0.39)
of age. Figure 1 provides an overview of the participant sample, attrition rate and mean age
at each time point measurement. Although 829 parents consented for children to participate,
on the day of testing only 816 participated (419 boys and 397 girls; 5.1% dropout ratet)
because of absence on the testing day, relocation and moving to another school or exclusion
because of inaccurate ages. For the first follow-up measurement, 574 participants (282 boys
and 292 girls; dropout rate 29.7%) aged approximately 9 years (±0.39) consented to the
study. At the final time point measurement in 2016, 381 participants (181 boys and 200 girls)
consented, indicating a further drop out of 33.6%. The study experienced a total dropout
rate of 53.31% (n = 435) over the 7-year follow-up period. High dropout rates are not
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uncommon in South African schools due to rural—urban migration in S.A, especially over
the 7-year school period [39].
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Figure 1. Participant recruitment for the NW-CHILD study (2010–2016).

This study focused on all participants who took part in all three measurements in
2010, 2013 and 2016 to be included in this study, except for the PACER tests since aerobic
capacity is not recommended to be tested for children younger than 10 years old. All
children that presented with physical disabilities and whose parents did not consent were
excluded from the study. The layout and set-up of stations varied between school settings
according to available space, with the CRF test (PACER) performed after all other testing
was concluded. All testing was conducted by postgraduate students, trained beforehand in
all the testing procedures, and senior researchers with specialisation in paediatric movement
science. Translators were available when English or Afrikaans was not the participant’s
first language.

2.4. Measurement Instruments and Apparatus
2.4.1. Anthropometric Measurements

Anthropometry, which included stature (cm), body mass (kg), measurement of the
sub-scapular, calf and triceps skinfolds (mm), body fat percentage (%) relaxed forearm
and waist circumferences (cm), were measured before any fitness testing commenced. All
procedures were performed according to the International Society for the Advancement
of Kinanthropometry (ISAK) protocols [40]. A Harpenden portable stadiometer (Holtain
Ltd., Crymych, UK) and an electronic scale (BF 511, Omron; Omron healthcare Co. Ltd.,
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Kyoto, Japan) were used to measure stature and body weight to the nearest 0.1 cm and
0.1 kg. BMI was calculated by using stature and mass (body mass in kg divided by height
in m2). The BMI classification was used to determine thinness, overweight or normal
weight in gender- and age-specific categories according to Cole et al. [41]. Additionally,
the BF 511 Omron was also used to measure body composition in terms of fat-free mass
and body fat. Circumferences were taken twice to ensure validity and reliability and were
measured with a metal measuring tape (Cescorf, Porto Alegre, Brazil). Skinfolds were also
taken twice with a Harpenden skinfold calliper to provide an average value. This takes
into consideration the technical error of measurement. Height-for-age (HAZ)-2 z-scores
calculated with Anthroplus [42] were used to classify children as stunted. Firstly, two
researchers measured all anthropometry, whereafter the fitness testing took place with the
PACER test as the final measurement of the day.

2.4.2. Progressive Aerobic Cardiovascular Endurance (PACER) Test

The PACER test is part of the Fitnessgram testing protocol for assessment of aerobic
fitness. It is a multi-level 20 m progressive running test that assesses aerobic capacity
through estimating VO2max (milliliters of O2 consumed per kilogram of body weight per
minute, or mL/kg/min) [18]. Participants are required to run back and forth between
20 m lines as many times as they can on the cue of a “beep” sound while the test gets
progressively faster each minute. The test continues until the participant fails to reach
the 20 m line for the second time. The maximum number of laps is then recorded to
determine the VO2max which is predicted by using the number of PACER laps and the
age of the participant in the following equation: VO2max = 44.862 + (PACER × 0.347) −
(Age × 1.050) [18]. The score is used to classify participants into various healthy fitness
zones (HFZs), i.e., 2 = in or above the HFZ; 1 = the needs improvement zone and 0 = the
needs improvement—health risk zone [18,43]. The PACER test was only administered in
Grades 4 and 7 (9 and 12 years old) in the study, as no reference standards are available
for children younger than 10 years due to the apprehension of younger children pacing
themselves accurately and to ensure that they produce a maximal effort [4]. Apart from
the PACER test that was outside on the sports field, most other tests took place in a hall,
classroom or sick bay to ensure privacy.

2.4.3. Bruininks–Oseretsky Test of Motor Proficiency, Second Edition (BOT-2)

This test battery was individually administered through assessing motor skills via goal-
directed activities that can subsequently be used to assess motor proficiency. Essentially,
the BOT-2 assessed various motor proficiency areas in children aged 4 to 21 years old
and uses norm-referenced criteria with confirmed validity and reliability (r = 0.80–0.95).
Assessment takes approximately 20–30 min to conclude, with an extra 10 min to prepare
the test area [44]. The criteria for the motor areas are structured according to muscle groups
and extremities and include four different test categories, i.e., fine manual control, manual
coordination, body coordination and strength and agility. Only the short-form version
(BOT-2 SF), which included 14 items, was used in the NW-CHILD study. The complete
set of test items of the complete form for strength (standing long jump; wall-sit; push-ups;
sit-ups; and the v-up), were, however, assessed additionally and all these test items were
specifically used as additional indicators of fitness for this study. Participants were allowed
two trials, and the best score was used as the raw score for each item to convert into
point scores via the conversion tables provided in the administering booklet. The sum
of point scores for strength sub-tests was calculated to obtain the scale score (SS), using
gender-specific conversion tables (B1 and B2) in the BOT-2 manual for interpreting fitness
performance and descriptive categories. The descriptive categories were applied as follows:
well above average ≥ SS 25; above average = 20–24; average = 11–19; below average = 6–10;
well below average ≤ 5 [44].
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2.5. Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) for Windows, version 27 [45] (IBM
Corp, Armonk, New York, 2020) was used to calculate descriptive statistics for all variables
in the study. Categorical variables are reported as frequencies and percentages. Means
and standard deviations or medians and interquartile ranges are reported for continuous
variables, depending on the distribution of the variables. A previous study by Pienaar [27]
reported an analysis of the same sample population indicating that no bias was caused
by the loss of subjects over different time points. The data were assumed to be missing at
random and did not significantly affect the results.

A linear mixed model with repeated measures was used to investigate the relationships
between biographical data (age, gender and SES), anthropometric data (height, weight,
body fat, skinfolds, z-scores, BMI, thinness and stunting) and physical fitness tests (mus-
cular strength and endurance and aerobic endurance). The time variable (2010–2016) was
treated as a fixed effect and physical fitness as the response variable. Plots of standardised
residuals were used to evaluate the assumptions of normality, homoscedasticity, linearity, in-
dependence of errors and the absence of outliers. An adjusted Cohen’s d-value (Tukey post
hoc test) was calculated to determine practical significant differences between standardised
means over time (2010–2016). The following guideline values were used to classify an effect
size: small (d = 0.2), denoting a practically non-significant difference, medium (d = 0.5),
indicating visible practical difference, and large (d = 0.8), implying a practical significant
difference [46]. Interaction models were fitted for BMI, body fat percentage (BFP), stature
and weight. To control for influences of malnutrition, separate models were also fitted
to determine if dependent variables (strength tests) significantly differ between thinness
and stunted groups compared to normal-weight children. No significant differences were
found in the adjusted models except on three occasions, however, the stunted group was
relatively small (n = 6). Based on these findings from the additional adjusted models no
further distinction of specific models was found necessary between normal-weight and
malnourished groups. Thus, the unadjusted models were used to report results.

3. Results

This study included 349 participants, 165 boys and 184 girls of high (boys = 82;
girls = 66) and low (boys = 83; girls = 118) SES, which were tested over 3 time periods, i.e.,
2010, 2013 and 2016. With regard to SES, quintile 1–3 schools represented 58% (n = 201)
and quintile 4–5 schools 42% (n = 148) of the sample. These participants had a mean age of
6.89 ± 0.50 in 2010 (Grade 1), 9.90 ± 0.38 in 2013 (Grade 4) and 12.90 ± 0.38 in 2016
(Grade 7). For discussion purposes, the study will refer to the average ages of 6, 9 and
12 years old.

The descriptive characteristics for age, anthropometric (body mass, stature, body fat
percentage, skinfolds) and fitness measurements (CRF, muscular strength and muscular
endurance) of the group (N = 349) for each time point measurement, according to SES
and gender, are presented in Table 1. Gender differences in stature and body mass are
notable where children of a high SES were consistently taller (boys = approximately 8 cm
and girls = approximately 5 cm) and heavier (boys ≥ 5 kg and girls ≥ 4 kg) at all time point
measurements compared to those of a low SES. These differences were also observed in all
the other anthropometric measurements.
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Table 1. Descriptive characteristics of sociodemographic, anthropometric and physical fitness indicators at baseline and follow-up time point measurements
(N = 349).

Variables
Boys (n = 165) Girls (n = 184)

Low SES (n = 83) High SES (n = 82) Low SES (n = 118) High SES (n = 66)
M ± SD Min Max M ± SD Min Max M ± SD Min Max M ± SD Min Max

Biographic and Anthropometric

Age (years)
6 years old 6.76 ± 0.48 6.00 7.80 6.90 ± 0.55 6.10 7.80 6.70 ± 0.44 6.00 7.80 6.88 ± 0.54 6.10 7.70
9 years old 9.84 ± 0.38 8.99 10.67 10.04 ± 0.35 9.32 10.68 9.77 ± 0.35 9.00 10.68 10.01 ± 0.36 9.24 10.64

12 years old 12.84 ± 0.39 11.89 13.68 13.05 ± 0.35 12.34 13.68 12.78 ± 0.36 12.03 13.68 13.02 ± 0.36 12.26 13.65

Stature (cm)
6 years old 116.99 ± 4.69 102.10 130.30 124.50 ± 5.89 112.20 141.70 117.06 ± 4.94 107.90 128.50 122.33 ± 6.01 109.70 134.70
9 years old 132.33 ± 4.99 117.00 147.10 139.77 ± 6.60 123.20 161.00 134.03 ± 6.00 121.40 151.00 138.91 ± 7.84 113.00 155.00

12 years old 147.78 ± 7.15 131.90 169.40 157.24 ± 8.34 139.40 178.80 151.98 ± 6.38 136.70 168.80 157.35 ± 7.37 143.60 185.90

Body mass (kg)
6 years old 20.67 ± 2.52 16.40 30.50 26.76 ± 5.73 17.20 45.90 20.74 ± 3.06 15.08 29.70 24.18 ± 4.97 16.40 42.80
9 years old 28.58 ± 5.26 19.60 55.90 37.31 ± 9.86 22.60 65.60 30.13 ± 6.88 21.70 55.80 36.09 ± 8.78 22.20 64.70

12 years old 39.05 ± 9.31 23.10 84.80 52.35 ± 14.17 30.80 100.80 44.17 ± 10.05 28.80 78.50 52.19 ± 12.37 36.90 95.20

BMI (Kg/m2)
6 years old 15.18 ± 1.46 12.90 22.90 16.50 ± 2.70 12.90 26.80 15.10 ± 5.00 12.70 20.70 16.10 ± 2.50 12.90 24.00
9 years old 16.27 ± 2.37 12.90 25.83 19.00 ± 3.90 13.30 30.80 16.70 ± 3.00 13.10 27.40 18.50 ± 3.80 14.20 29.70

12 years old 17.81 ± 3.23 14.00 32.00 21.10 ± 4.70 14.90 36.50 19.00 ± 3.60 13.90 33.70 21.10 ± 4.40 16.10 34.50

∑ skinfolds (mm)
6 years old 12.40 ± 3.40 8.20 27.00 16.00 ± 8.00 8.00 47.00 15.00 ± 5.00 8.00 38.00 19.00 ± 7.00 9.00 40.00
9 years old 13.30 ± 7.30 7.00 57.50 22.00 ± 11.00 8.00 53.00 18.00 ± 8.00 8.00 46.00 25.00 ± 11.00 12.00 54.00

12 years old 15.10 ± 11.40 7.50 78.20 25.00 ± 15.00 9.00 76.00 22.00 ± 10.00 9.00 60.00 28.00 ± 14.00 14.00 75.00

Body fat (%)
6 years old 14.60 ± 3.30 8.70 27.80 18.00 ± 6.00 10.00 39.00 14.00 ± 4.00 8.00 29.00 17.00 ± 6.00 8.00 32.00
9 years old 18.10 ± 6.70 5.00 38.40 23.00 ± 8.00 7.00 42.00 19.00 ± 8.00 5.00 44.00 24.00 ± 9.00 10.00 47.00

12 years old 17.30 ± 7.10 7.60 41.80 22.00 ± 9.00 5.00 45.00 23.00 ± 8.00 10.00 46.00 27.00 ± 8.00 11.00 48.00

Physical Fitness

Strength (SS)
6 years old 16.80 ± 2.90 9.00 23.00 16.80 ± 3.20 9.00 23.00 15.30 ± 3.40 6.00 22.00 16.30 ± 3.70 8.00 29.00
9 years old 17.70 ± 3.00 8.00 24.00 18.60 ± 3.00 10.00 27.00 15.90 ± 3.00 7.00 22.00 16.90 ± 3.60 10.00 25.00

12 years old 13.90 ± 2.20 7.00 18.00 14.50 ± 2.50 8.00 21.00 13.10 ± 2.10 7.00 19.00 14.60 ± 3.20 8.00 22.00

PACER (laps) ˆ
9 years-old 27.00 ± 15.00 4.00 74.00 24.00 ± 13.00 5.00 65.00 17.00 ± 9.00 2.00 59.00 19.00 ± 9.00 7.00 45.00

12 years-old 37.00 ± 16.00 7.00 812.00 39.00 ± 19.00 8.00 83.00 20.00 ± 10.00 6.00 58.00 25.00 ± 17.00 5.00 80.00

BMI = Body mass index; M = Mean; Max = Maximum value; Min = Minimum value; SD = Standard deviation; SES = Socioeconomic status; ∑ skinfolds = Sum of sub-scapular + triceps
skinfolds; SS = Scale score; ˆ = Not measured in 2010.
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In the strength tests, being of a high SES is linked to achieving slightly higher mean
scores for all MF scales in boys and girls, except for boys at age 6, where similar scores
were achieved (16.80) (low SES ± 2.90; high SES ± 3.20). At the age of 9, more PACER
laps are recorded for low-SES boys, although girls of a high SES achieved slightly more
PACER laps compared to the low-SES group. All participants of a high SES achieved
slightly more PACER laps than those of a low SES at the age of 12. Both SES groups showed
an incline in strength from ages 6–9, whereafter a decline is observed at the age of 12 for
boys. From ages 6–9, girls from both SES groups seems to experience a plateau in strength,
whereafter a decline in strength is also seen at the age of 12 years old. Significant interaction
effects according to age, SES and gender are highlighted in Tables 3–5 and illustrated by
Figures 1 and 2.

Table 2 portrays similar descriptive statistics, also divided by gender in each SES group
as in Table 1, but more specifically for each strength and aerobic sub-component. Increases
in muscular strength in both SES groups were found for long jump and wall-sitting from
ages 6–12. Boys and girls of a low SES achieved significantly (p < 0.01) shorter jumping
distances at all ages, except at the age of 12 (p = 0.09). At younger ages (6 and 9 years
old), the high-SES group held the wall-sit position for longer, although only significant at
the age of 6 (p < 0.01). At the age of 12, non-significant (p = 0.98) differences were found
between the low-SES (boys = 60 s; girls = 59 s) and high-SES (boys = 59 s; girls 57 s) groups
in the wall-sit tests. Both genders show significant decreases in push-ups from the age of 9
(p < 0.01). In boys, both low (21 to 18 push-ups) and high (22 to 19 push-ups) SES groups
decreased in push-up performance from the age of 9–12. Girls showed similar declin-
ing trends in performing modified push-ups (low SES = 15 to 10; high SES = 17 to 14)
from the ages of 9–12. Similar trends are also observed for sit-ups where both boys (low
SES = 17 to 11; high SES = 21 to 15) and girls (low SES = 15 to 8; high SES = 18 to 13)
decreased significantly (p < 0.01) in repetition output from the age of 9. The low-SES (46 s)
group of boys outperformed the high-SES (40 s) group for V-ups at the age of 6, however,
this was non-significant. Thereafter, a plateau (similar or slight differences) is observed
for V-ups at older ages in boys. In general, boys performed better than girls in aerobic
endurance (VO2max) across both SES groups and time points (p < 0.01).

The low-SES (44.2 mL/kg/min) group achieved slightly higher VO2max scores at
the age of 9 than boys of a high SES (43.0 mL/kg/min) with minimal differences in 2016
(low = 44.4 mL/kg/min; high = 44.6 mL/kg/min, p > 0.05) at the age of 12. Boys of a high
SES (43.0 to 44.6 mL/kg/min) showed a larger increase in VO2max from age 9 to 12 com-
pared to the low-SES boys (44.2 to 44.4 mL/kg/min). Both SES groups scored similarly for
VO2max testing (low = 40.8 mL/kg/min; high = 40.9 mL/kg/min) at the age of 9 (p < 0.05).
However, at the age of 12, the high-SES group (39.8 mL/kg/min) had a slightly higher
average VO2max output compared to the low-SES group (38.5 mL/kg/min). Over time
(2013–2016), VO2max slightly declined for girls in both high-SES (40.9 to 39.8 mL/kg/min)
and low-SES (40.8 to 38.5 mL/kg/min) groups. Differences in VO2max were only sig-
nificant between the SES groups at the age of 9 (p < 0.05), while gender differences were
significant at the age of 9 and 12 years old (p > 0.05).

Initially no significant three-way interaction effects were found for age, gender and
SES. Table 3 reports the interaction effects and significance of the three different two-way
interaction models for all muscular and aerobic fitness tests, i.e., age and gender effect,
age and SES effect and gender and SES effect. For gender and SES effects, no significant
interaction effects were found for any of the PF tests.
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Table 2. Descriptive characteristics of muscular strength and aerobic endurance sub-tests according to gender and SES over three time points (N = 349).

Variables
Boys (n = 165) Girls (n = 184)

Low SES (n = 83) High SES (n = 82) Low SES (n = 118) High SES (n = 66)
M ± SD Min Max M ± SD Min Max M ± SD Min Max M ± SD Min Max

Long jump (cm)
6 years old 91.40 ± 20.30 43.20 134.60 106.70 ± 15.2 66.40 55.00 83.08 ± 15.20 50.80 134.62 91.40 ± 15.20 50.80 134.00
9 years old 111.80 ± 20.30 76.20 68.00 127.00 ± 25.40 20.30 70.00 104.10 ± 17.80 58.40 149.90 111.70 ± 25.40 53.30 165.10
12 years old 137.20 ± 15.20 91.40 70.00 142.20 ± 22.90 91.40 80.00 127.00 ± 22.9.00 76.20 269.20 129.50 ± 40.60 76.20 332.70

Push-up (reps)
6 years old 12.00 ± 6.00 0.00 26.00 10.00 ± 5.00 0.00 25.00 9.00 ± 6.00 0.00 20.00 10.00 ± 5.00 0.00 17.00
9 years old 21.00 ± 5.00 10.00 33.00 22.00 ± 5.00 11.00 40.00 15.00 ± 5.00 0.00 28.00 17.00 ± 6.00 5.00 30.00
12 years old 18.00 ± 7.00 2.00 35.00 19.00 ± 6.00 6.00 33.00 10.00 ± 5.00 0.00 26.00 14.00 ± 7.00 1.00 27.00

Sit-up (reps)
6 years old 3.00 ± 3.00 0.00 11.00 5.00 ± 4.00 0.00 17.00 2.00 ± 3.00 0.00 12.00 6.00 ± 4.00 0.00 15.00
9 years old 17.00 ± 6.00 0.00 32.00 21.00 ± 6.00 2.00 50.00 15.00 ± 6.00 0.00 28.00 18.00 ± 5.00 0.00 32.00
12 years old 11.00 ± 4.00 0.00 19.00 15.00 ± 7.00 2.00 60.00 8.00 ± 5.00 0.00 21.00 13.00 ± 5.00 0.00 26.00

Wall-sit (s) *
6 years old 49.00 ± 15.00 100.0 60.00 40.00 ± 20.00 6.00 60.00 50.00 ± 15.00 10.00 60.00 40.00 ± 19.00 8.00 60.00
9 years old 58.00 ± 7.00 23.00 60.00 54.00 ± 12.00 14.00 60.00 56.00 ± 10.00 20.00 60.00 54.00 ± 14.00 6.00 60.00
12 years old 60.00 ± 3.00 42.00 60.00 59.00 ± 4.00 34.00 60.00 59.00 ± 6.00 18.00 60.00 57.00 ± 9.00 10.00 60.00

V-up (s) *
6 years old 46.00 ± 17.00 7.00 60.00 40.00 ± 19.00 0.00 60.00 41.00 ± 20.00 0.00 60.0 42.00 ± 18.00 0.00 60.00
9 years old 53.00 ± 12.00 14.00 60.00 56.00 ± 11.00 7.00 60.00 50.00 ± 17.00 0.00 60.0 52.00 ± 14.00 3.00 60.00
12 years old 53.00 ± 12.00 10.00 60.00 54.00 ± 11.00 10.00 60.00 50.00 ± 13.00 20.00 60.0 53.00 ± 14.00 5.00 60.00

VO2max
(mL/kg/min) ˆ

9 years old 44.20 ± 5.20 35.70 60.30 43.00 ± 4.40 35.80 57.30 40.80 ± 2.90 35.70 54.60 40.90 ± 3.20 36.30 50.90
12 years old 44.40 ± 5.50 33.30 59.70 44.60 ± 6.80 33.20 60.30 38.50 ± 3.60 33.20 51.30 39.80 ± 6.00 32.60 59.10

* 60 s was the maximum requirement to score full points for the wall-sit and V-up sub-tests. cm = Centimeters; M = Mean; Max = Maximum value; Min = Minimum value;
reps = Repetitions; SD = Standard deviation; sec = Seconds; SES = Socioeconomic status; ˆ = Not measured in 2010.
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Table 3. Interaction effect of sociodemographic factors for the different PF tests (N = 349).

PF tests Model MS F p

Standing
long jump

Age and Gender 14.31 0.04 0.96
Age and SES 1955.00 5.70 0.00 *

Gender and SES 704.00 2.05 0.15

Sit-ups
Age and Gender 214.40 11.57 <0.00 *

Age and SES 43.19 2.33 0.10
Gender and SES 7.63 0.41 0.52

Push-ups
Age and Gender 592.30 22.37 <0.00 *

Age and SES 176.70 6.67 0.00 *
Gender and SES 87.34 3.30 0.07

Wall-sit
Age and Gender 56.32 0.45 0.64

Age and SES 1651.00 13.27 <0.00 *
Gender and SES 0.026 0.00 0.99

V-ups
Age and Gender 48.44 0.26 0.77

Age and SES 650.90 3.47 0.03 *
Gender and SES 337.50 1.80 0.18

VO2max
Age and Gender 282.5 22.36 <0.00 *

Age and SES 464.15 5.08 0.02 *
Gender and SES 23.63 1.87 0.17

MS = Mean squared; SES = Socioeconomic status; * p < 0.05 = Significant.

Table 4 displays the descriptive statistics and practical significance of differences for
the age and SES interaction effect as reported in Table 3 for long jump, push-up, wall-sit, V-
up and VO2max. These two-way interactions are also graphically displayed in Figure 2a–e
No interaction effect for age and SES was found for sit-ups.

Table 4. Interaction effect of age and SES of various PF tests (N = 349).

Year
Group

Low SES (n = 83 + 118) High SES (n = 82 + 66)
dEMM SE df Lower CL Upper CL EMM SE df Lower CL Upper CL

Standing long jump
6 yo 86.97 1.59 873.61 82.78 91.16 99.03 1.84 873.61 94.20 103.87 −0.65 ##

9 yo 108.18 1.59 873.61 103.99 112.37 118.90 1.84 873.61 114.06 123.74 −0.58 ##

12 yo 132.20 1.59 873.61 128.01 136.39 135.29 1.84 873.61 130.46 140.13 −0.17
Push-ups

6 yo 10.35 0.40 979.07 9.29 11.42 9.87 0.47 979.07 8.64 11.10 0.09
9 yo 17.89 0.40 979.07 16.82 18.95 19.65 0.47 979.07 18.42 20.88 −0.34 #

12 yo 14.07 0.40 979.07 13.00 15.13 16.31 0.47 979.07 15.08 17.54 −0.44 #

Wall-sit
6 yo 49.52 0.867 989.71 47.23 51.80 40.05 1.00 989.71 37.41 42.69 0.85 ###

9 yo 40.05 1.001 989.71 37.41 42.69 53.89 1.00 989.71 51.25 56.53 0.27 #

12 yo 59.06 0.867 989.71 56.78 61.35 58.11 1.00 989.71 55.47 60.74 0.09
V-ups

6 yo 43.55 1.09 962.11 40.67 46.43 41.24 1.26 962.11 37.91 44.56 0.17
9 yo 51.63 1.09 962.11 48.75 54.51 54.13 1.26 962.11 50.80 57.45 −0.18
12 yo 51.24 1.09 962.11 48.35 54.12 53.78 1.26 962.11 50.46 57.11 −0.19

VO2max ˆ
9 yo 42.48 0.34 576.56 41.63 43.34 41.97 0.39 576.56 40.99 42.96 0.13

12 yo 41.49 0.341 576.56 40.63 42.34 42.22 0.39 576.56 41.23 43.20 −0.21 #

EMM = Estimate marginal mean; df = Degrees of freedom; CL = Confidence level; d = Effect size; # = Small
practical significance; ## = Medium practical significance; ### = Strong practical significance; ˆ = Not measured in
2010; yo = Years old.
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Figure 2. (a–e): Interaction effect of age and SES on various PF tests.

Moderate practical significant effects were found in SLJ distances for ages 6 (high
SES = 38.99 cm; low SES = 34.24 cm, p < 0.01) and 9 (high SES = 46.81 cm; low SES = 42.59 cm,
p < 0.01). Children of a high SES performed better in long jumping at all ages, and these
differences were of medium practical significance at the ages of 6 and 9 (Figure 2a). Small
practical significant differences were found in push-ups at the ages of 9 (high SES = 14.07;
low SES =17.89, p = 0.05) and 12 (high SES =16.31; low SES = 19.65, p < 0.01). In push-ups,
children of a high SES performed slightly poorer than those of a low SES at the age of 6
(Figure 2b). The low-SES group outperformed the high-SES group from the age of 9 to
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12 years old, with differences also showing moderate practical significance (Table 4). A
decline in the number of push-ups in both SES groups is also evident from the age of 9 to
12 years (Figure 2b).

For wall-sitting a large practical effect is observed at 6 years (high SES = 40.05;
low SES = 49.52, p = 0.00) with a smaller but non-significant effect at 9 years old
(high SES = 53.89; low SES = 40.05, p = 0.22). The low-SES group performed better in
wall-sitting (Figure 2c) at all ages (2010–2016), although the group differences narrowed
from 9 years, where they were still practically significant (d = 0.27) but not at 12 years
(d = 0.09).

Figure 2d illustrates that the high-SES group was outperformed by the low-SES group
at the age of 6 in V-ups. However, as children aged, contradictory trends were observed
where the high-SES group outperformed the low-SES group at older ages (9 to 12 years).
Despite these trends, no practical differences in V-ups were observed at any age.

Similar trends can be observed in Figure 2e for VO2max. No practical differences
(d = 0.13) were found in VO2max between the high-SES (41.97 mL/kg/min) and low-SES
(42.48 mL/kg/min, p = 0.73) groups at the age of 9, where the low-SES group achieved
higher mean scores. However, at age 12, a small practical, yet non-significant, effect
revealed a shift where the high-SES group (42.22 mL/kg/min) outperforms the low-SES
group (41.49 mL/kg/min) (p = 0.50). The low-SES group showed a relatively steep decline
in VO2max values (2013 = 42.48 mL/kg/min; 2016 = 41.49 mL/kg/min) over the 3-year
time period, in contrast to the high-SES group who showed a steady increase in VO2max
during the same period.

Table 5 displays the significant gender and age interaction effects reported for sit-ups,
push-ups and VO2max (Table 3) with a graphical display of the trends in Figure 3a–c.
Gender differences are noted in sit-ups (boys = 4.07 reps; girls = 4.13 reps, d = −0.02), as
boys performed better than girls from 9 years (d = 0.65; d = 0.60). Boys (19.03 to 12.95 reps)
and girls (16.22 to 10.36 reps) also decreased in sit-up performance from 9 to 12 years. The
push-up performance of boys was better at all ages (d = 0,31; d = 1.05; d = 1.30) compared
to girls. Declines in the number of push-ups are, however, noticed for both gender groups
from 9 years old (boys = 21.47 reps; girls = 16.07 reps) to 12 years old (boys = 18.53 reps;
girls = 11.84 reps). Figure 3c shows noticeable gender differences at the age of 9 with
widening effects over time (d = 0.78, d = 1.51), where boys (43.61 mL/kg/min) achieved
better VO2max scores compared to girls (41.76 mL/kg/min). Inverse effects are noticeable
with boys (43.61 to 44.53 mL/kg/min) achieving higher VO2max values at age 12 compared
to girls (40.85 to 39.17 mL/kg/min) who show a decline over the 3-year time period.

Table 5. Interaction effect of age and gender for PF tests (N = 349).

Year
Group

Boys (n = 165) Girls (n = 184)
dEMM SE df Lower CL Upper CL EMM SE df Lower CL Upper CL

Sit-ups
6 yo 4.07 0.40 873.67 3.01 5.13 4.13 0.40 873.67 3.09 5.18 −0.02
9 yo 19.03 0.40 873.67 17.98 20.09 16.22 0.40 873.67 15.17 17.26 0.65 ##

12 yo 12.95 0.40 873.67 11.89 14.01 10.36 0.40 873.67 9.32 11.41 0.60 ##

Push-ups
6 yo 10.89 0.44 979.07 9.73 12.05 9.33 0.43 979.07 8.18 10.47 0.31 #

9 yo 21.47 0.44 979.07 20.31 22.62 16.07 0.43 979.07 14.93 17.21 1.05 ###

12 yo 18.53 0.44 979.07 17.37 19.69 11.84 0.43 979.07 10.70 12.99 1.30 ###

VO2max ˆ
9 yo 43.61 0.37 576.56 42.68 44.54 40.85 0.37 576.56 39.93 41.76 0.78 ##

12 yo 44.53 0.37 576.56 43.61 45.46 39.17 0.37 576.56 38.25 40.08 1.51 ###

EMM = Estimate marginal mean; df = Degrees of freedom; CL = Confidence level; d = Effect size; # = Small
practical significance; ## = Medium practical significance; ### = Strong practical significance; ˆ = Not measured in
2010; yo = Years old.
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Figure 3. Interaction effects of age and gender on muscular and aerobic fitness tests.

4. Discussion

This study aimed to determine differences to global trends in the PF profiles of South
African primary school children by using longitudinal data. Possible risk factors such as
age, gender and SES in the fitness profiles were investigated to identify the need for early
prevention strategies. None of the strength or CRF variables yielded three-way interactions.
However, two-way interactions between age and gender, as well as age and SES, were
found for several of the fitness variables, depending on age.

4.1. Comparing Criteria Reference Standards (CRSs) and Interaction Effects of Age, Gender and
SES on MF and CRF
4.1.1. CRSs and Interaction Effects of Age and SES for V-Ups and Wall-Sitting

Results from the study found that wall-sit and V-ups were both influenced by age and
SES. Apart from inclusions in test batteries, to our knowledge, no percentile or cut-offs have
specifically been reported for the V-ups and wall-sitting tests in children and adolescents to
be used for comparison purposes as a stand-alone CRSs to assess PF levels. The Fitnessgram
only includes a trunk lift, although similar to the V-up tests, it is not tested by measuring
time held in the position but rather the distance the chest is lifted off the ground with no leg
lift included [18]. These tests, which represent muscular endurance, yielded inconclusive
findings although muscular endurance does not seem to be the strongest and most inclusive
indicator of PF but rather muscular strength tests are.

4.1.2. CRSs and Interaction Effects of Age and SES for Standing Long Jump

SLJ is an indicator of general MF in youth and one of the most utilised MF tests
globally that assesses lower body strength and, more specifically, explosive strength [47].
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Thomas et al. [48] reported age- and gender-specific PF percentile norms for children
aged 6–18, including SLJ, based on data from seven European countries that revealed
poorer performance than our participants. The 50th percentile values represent an av-
erage performance for boys of 124 cm at age 6, 133 cm at age 9 and 163.5 cm at age 12.
Both low-SES (6 years = 91.4 cm; 9 years = 111.8 cm; 12 years = 137.2 cm) and high-SES
(6 year = 106.7 cm; 9 years = 127.0 cm; 12 years = 142.2) groups from the current study
performed below the reported 50th percentiles at all ages. The 50th percentiles for females,
denoted as 115.5 cm at age 6, 122.5 cm at age 9 and 150.5 cm at age 12 [48], compared to
83.8 and 91.4 cm (6 years), 104.1 cm and 111.7 cm (9 years), 127.0 cm and 129.5 cm (12 years)
of our group, also show that both low-SES and high-SES female groups performed below
average at all three ages. Similar results were found when comparing the 50th percentile
cut-offs reported by Tomkinson et al. [17] and Kolimechkov et al. [49]. Cut-points by
Tomkinson [17] and Kolimechkov et al. [49] created comprehensive percentile scores for
PF tests such as the SLJ, based on existing European data. In some cases, the low-SES
groups significantly underperformed, falling below the 10th percentile, which is worrying.
Compared to a South African study by Africa et al. [50] from the Western Cape Province,
results indicated that boys (high SES = 120.6 cm, low SES = 113.0 cm compared to high
SES = 106.7 cm, low SES = 91.4 cm) and girls (high SES = 108.0 cm, low SES = 105.2 cm
compared to high SES = 91.4 cm, low SES = 83.8 cm) from this study achieved shorter
jumping distances for SLJ at the age of 6. This comparison also yields differences in the
South African child population based on the different regions in S.A.

A significant two-way interaction effect was found for the SLJ regarding age and SES
(p = 0.003). Contrary to findings from Africa et al. [50], in 6 year-old children, no effect
of SES was found for SLJ. However, the current study revealed higher performance in
high-SES children in SLJ at all ages with practical significance at the ages of 6 and 9 years.
Findings by Smith et al. [15], based on 9-year-olds from the Eastern Cape in S.A, reported no
significant differences between SLJ distances of SES groups. Africa et al. [50] reported that
children of a low SES performed significantly better in dynamic strength of the trunk and
upper limbs compared to children of a higher SES, however, no SES differences were found
for lower limb strength assessed with SLJ. These differences can be attributed to children of
a high SES being more prone to attending organised sports activities as opposed to children
of a low SES who would play more simple and spontaneous unstructured games. Through
this repetitive play of spontaneous games, motor learning would take place which can give
children of a low SES an advantage [50]. However, this is contradictory to our findings
as children of a high SES performed better at all ages. The way children of different SESs
spend their free time can influence how they learn and develop their physical strength.

Cut-points by Castro-Piñero et al. [12] for SLJ are further linked to a healthy cardiovas-
cular profile for children (6–9 years old) and adolescents (12–16 years old). These cut-points
are 104.5 cm for boys and 81.5 cm for girls in the 6–9 age group [12]. In the current study,
the average SLJ distances for children aged 6–9 were reported as ranging from 91.4 cm (low
SES) to 127.0 cm (high SES) for boys and 83.8 cm (low SES) to 111.8 cm (high SES) for girls.
The cut-points set by Castro-Piñero et al. [12] for the adolescent group are 140.5 cm for boys
and 120.5 cm for girls. According to the current findings, boys and girls reached an average
jumping distance of 137.2 cm (low SES) to 142.2 cm (high SES) and 127 cm (low SES) to
129.5 cm (high SES) at the age of 12, respectively. All groups reached these cut points at
ages 6–12, except the boys of a low SES who fell short of these cut-points at ages 6 and 12.
Based on these cut-points by Castro-Piñero et al. [12] that identify cardiovascular disease
(CVD), South African boys of a low SES are at risk and likely to develop CVD 2 years later.
Our study found that low SES hinders SLJ distances, leading to health risks, especially
in boys.

4.1.3. CRSs and Interaction Effects of Age, SES and Gender for Push-Ups

The current study uses the BOT-2, which gives the option of modified push-ups. The
Fitnessgram includes full push-ups as part of MF testing, which is a different protocol to
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the BOT-2 [18], therefore comparison between these two tests was not possible as modified
push-ups are easier to complete than 90◦ push-ups. Cut-points by Niessner et al. [51],
based on a German sample of children, included push-ups as part of PF testing, however,
again these protocols differed as children had to do a push-up and hold the position while
using one hand to touch the other before lowering down. This addition was added to
specifically assess muscular endurance. Significant SES effects have been found between
the ages of 9 and 12, where children of a high SES performed slightly poorer than those of
a low SES. Age and gender also showed significant interaction effects (p < 0.001), where
boys outperformed girls from 6–12 years, with practical significance in all age groups. In
agreement, Gherghel [52] also reported boys performing better in push-ups between the
ages of 6 and 11 years old compared to girls. According to the Fitnessgram cut-points,
gender differences can only be expected from the age of 11 years [18]. Niessner et al. [51]
reported maximal arm strength for girls at the age of 11. However, the cut-point by Niessner
et al. [51] indicates fairly similar outputs for boys and girls on the 50th percentile, with
boys experiencing increases after 11 years old and girls a plateau. Although no specific
comparisons could be made, South African children followed global trajectories of muscular
strength tests, where boys seem to have greater upper body strength. However, it may be
necessary to establish universal and nationally accepted protocols to assist in monitoring
the arm strength of children at a national level. Girls may need more monitoring and
intervention at an early age since gender differences are noticeable as early as age 6, even
though these differences typically emerge at age 11. Age effects emerged from the age of 9
in both boys and girls, with performance showing a declining trend onwards.

4.1.4. CRSs and Interaction Effects of Age and Gender for Sit-Ups

A significant two-way interaction effect was reported for sit-ups with regard to SES
and gender. Gender- and age-specific cut-offs by Tomkinson et al. [17] were based on a
similar 30 s protocol from the Eurofit test battery which included data from 23 countries
for children aged 9–17 years old. A minimum of 17 and 21 sit-ups are required to meet the
50th percentile for boys and 17 and 19 sit-ups for girls at ages 9 and 12, respectively. Boys
of low (17 reps) and high (21 reps) SESs score at or above the 50th percentile at age 9, with
decreasing trends at age 12 where both low-SES (11 reps) and high-SES (15 reps) groups
fell below the 50th percentile. Girls of a high SES (18 reps) scored slightly above the 50th
percentile at age 9 while the low-SES group (15 reps) fell below the 50th percentile. At the
age of 12, both SES groups (low = 8 reps; high = 13 reps) fell below the 50th percentile.
Similar findings were observed when using the Fitnessgram criteria to classify the groups
into the HFZ. According to the Fitnessgram [18], boys and girls at the age of 6 should
be able to perform at least three sit-ups to be deemed in the HFZ. At the age of 9, 9 sit-
ups are required for boys and girls and, at the age of 12, boys are required to do at least
18 sit-ups [18]. Boys of both low and high SESs reached these cut-offs at ages 6 and 9 but,
at the age of 12, low- and high-SES groups of boys could only perform an average of 11
and 15 sit-ups, not reaching these cut-points. Similarly for girls, 8 and 13 sit-ups were
reported for the low- and high-SES groups, respectively, thus not meeting the HFZ criteria
of 18 repetitions at the age of 12. The Fitnessgram does not rely on percentiles, but rather
uses a CRS which is linked to specific health outcomes. This approach provides a minimum
standard to achieve to be classified in the HFZ [4]. Gender had a significant effect over time
with boys performing better than girls at most ages, except at the age of 6 (p < 0.001). These
differences agree with global literature on boy–girl differences [4,17,53]. These gender
advantage can be attributed to age-related increases in muscle strength in boys while girls
only experience an increase in abdominal muscular strength up to the age of 11–12 years
old [53].

Comparing sit-up protocols across studies is challenging due to differences in arm
and leg positions, trunk flexion and timing intervals [4,29,51]. The Fitnessgram uses
curl-ups [18], which are considered safer and differ from the protocols used by Niessner
et al. [51] and the BOT-2 protocols [44]. These inconsistencies limit the ability to directly
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compare results across studies, making it difficult to draw definitive conclusions. Therefore,
the adoption of a universally standardised testing protocol is recommended to ensure
consistency and comparability in future research.

4.1.5. CRSs and Interaction Effects of Age, SES and Gender for VO2max (CRF)

Globally, the 20 m shuttle run test is deemed a valid and reliable field-based test to use
as a CRS for aerobic capacity [23]. According to the results from the current study, boys of
a low SES achieved a VO2max of 44.2 mL/kg/min and 44.4 mL/kg/min at ages 9 and 12,
respectively, which places them in the HFZ according to the Fitnessgram cut-points [18].
Based on these norms, boys can be classified into the HFZ at age 10 when achieving a
VO2max of 40.2 mL/kg/min or above and 40.3 mL/kg/min or above at age 12 [18]. For
girls, VO2max values of 40.2 mL/kg/min and 40.1 mL/kg/min are required at ages 10
and 12 to be classified into the HFZ for CRF [18]. Our study indicated that both girls of
high (40.9 mL/kg/min) and low (40.8 mL/kg/min) SESs achieved the HFZ classification
at the age of 10. However, at the age of 12, both low-SES (38.5 mL/kg/min) and high-SES
(39.8 mL/kg/min) groups were classified into the needs improvement (NI) zone as they
did not achieve the desired PF levels of 40.1 mL/kg/min. These results are in accordance
with worldwide literature, which indicates that girls have lower PF levels, displaying that
children from the NWP are also at risk [25,54]. However, when comparing CRSs for aerobic
capacity, as indicated by Tomkinson et al. [24], results indicate health risks when thresholds
of 42 and 35 mL/kg/min for boys and girls, respectively, are not reached. According to
the Ruiz [7] standards, which indicate a healthy cardiovascular profile based on aerobic
capacity, a value below these recommended cut-points should raise a red flag and be
deemed a health risk for 8–17-year-olds. Results from the current study show that both SES
and gender groups meet these thresholds at the age of 9. However, at the age of 12, only
the boys meet the criteria, with girls aged 12 urgently classified as at risk. However, these
levels still require monitoring for both boys and girls.

Significant two-way interactions were found for VO2max with regard to age and SES
(p = 0.025) with practical significance at the age of 12. The disparities between SES groups
were mostly evident in girls where the high-SES group achieved higher CRF levels than
those of a low SES. These effects were also widening and greater at the age of 12 compared
to 9-year-olds as is evident from the results in Figure 3c. The Global Physical Activity
Report Card Grades for Children and Adolescents report that PA is hampered by economic
challenges in South African youth [23], which may explain the impact on PF levels since PA
is a direct influencer of PF. According to the Cooper Institute (Fitnessgram cut-offs), this is
expected as younger boys and girls achieve fairly similar results. However, as maturation
occurs, boys and girls will have unique developmental trajectories, which will affect their
PF standards [18]. As boys mature, a slight increase in VO2max can be expected, compared
to a decrease in girls which can be attributed to increases of body fat during puberty [55].
This is also confirmed by results from the present data where significant interaction effects
were reported between age and gender (p < 0.001), with practical significance from 9 years
old. The study by Smith et al. [15] also confirms these findings. Therefore, it is crucial
to consider maturity, growth and body composition as influencing factors of PF during
childhood and adolescence as boys have greater aerobic capacity from 9 years old [55].

4.2. Utilising International CRSs in South African Child Populations

It appears that South African primary school children have PF trajectories that are
consistent and comparable to those observed globally. The strength and aerobic endurance
of South African children are not different from worldwide trends. Global findings further-
more confirm our findings that boys have higher muscular strength and CRF levels than
girls and that PF levels increase with age. However, some gender and SES groups did not
reach these universal cut-points in selected strength and aerobic tests, which necessitates
the need for a closer look at possible reasons behind these findings. Also, the need for
targeted intervention strategies, particularly for “at-risk” groups such as girls, older chil-
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dren and those from low SES backgrounds, rather than simply relying on national cut-off
thresholds is evident from the findings.

The Global Matrix 4.0 Physical Activity Report Card Grades for Children and Ado-
lescents [23] stresses the importance for countries to develop their own strategies and
action plans to promote PA according to their unique context. Fitness indicators that were
used in this study included the sit-and-reach flexibility test, handgrip strength, sit-ups
and the 20 m shuttle run test. Such action plans and strategies will counter poor PF levels
and obesity to ultimately contribute to achieving the vision of the Global Action Plan by
2030 [6]. The Global Matrix 4.0 Physical Activity Report Card Grades for Children and
Adolescents presents a universally inclusive impression of PA from a global stance by
including data from 57 countries for children ages 5 to 17 years old, also including South
African statistics. S.A scored a B- on PF, indicating that children in this country fell within
the 60–66th percentile for PF tests of 5–17-year-olds, according to cut-points provided by
a review study of Tomkinson and co-workers. These results included national findings
based on national report card studies, which included available data from within their
country. These studies mostly included regional-specific data based on S.A, as no national
studies are currently available to assess overall PF in S.A [23,35]. Similar findings were
reported on the active play and overall PA categories. The Healthy Active Kids South
African Report Card (HAKSA) of 2016 reported that although primary school children from
Limpopo Province of S.A achieved high levels of PA, they still display poor CRF levels
when measuring VO2max [25]. Castro-Piñero et al. [12] noted that MF is independent of
CRF which necessitates additional monitoring of strength as a health marker since poor
levels of MF are related to greater cardiovascular health risks 2 years later. For MF testing,
one of the major strength tests identified by the literature as an indicator of CVD is the
SLJ. While SLJ primarily assesses lower body strength, it also correlates with upper body
strength, underscoring the need to include this PF test in all PF assessments.

It is recommended that monitoring of PF trends should be prioritised worldwide [8].
Kaster et al. [9] furthermore stress the importance of monitoring PF in LMICs to determine
authentic global trajectories since SES might be a contributing factor to differences in
these fitness levels [8]. Although no clear SES differences emerged from our findings and
some cut-points are available from the literature and test batteries for sit-ups, South Africa
must recommend universally acceptable and comparable national protocols. Additionally,
push-up protocols differ between testing instruments, further emphasising the need for
standardised protocols. The development and implementation of a fitness protocol that
can be used nationally with annual testing of children in the seven primary school years is
recommended. Such testing should ideally be performed by physical education teachers.
Fitness testing of a large national sample of children from all provinces in S.A over a longer
time throughout adolescence will provide a clearer and more detailed picture than the
current data. This will also allow for better tracking of PF levels throughout childhood and
adolescence for monitoring purposes. A further recommendation is standard universal
protocols for assessing various fitness tests such as push-ups and sit-ups to enhance global
and national comparability. Developing unique national PF cut-points in future might be
necessary once data from all eight provinces yield results.

4.3. Strengths and Limitations

The strength of the study lies in its unique design as one of few studies that aimed to
find, with longitudinal data, if South African primary school children reach international
PF benchmarks to determine health risks. This study provides a comparison of South
African children’s PF levels with international standards, providing valuable insights into
how these children measure up against global CRSs specific to age, gender and SES groups
to ensure early intervention. Most studies focus on CRF standards but do not include all
PF parameters and are not specific to the context of S.A. The current study used VO2max
as an indirect predictor of CRF via the 20 m shuttle run test, which is the most utilised
international fitness test, including the Fitnessgram. The large, random, stratified study
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sample and the longitudinal nature, inclusive of children from all backgrounds, strengthens
the applicability of the study. However, the study also had limitations to be acknowledged.
Although the study used a big sample, it still only represented one province in S.A, and the
high dropout rate over the 7-year period may influence generalisability. A further limitation
is that testing conditions at all schools were not always ideal because some low-SES schools
lacked sports facilities to conduct fitness tests in optimal conditions.

5. Conclusions

This study utilised global protocols and cut-points to assess and compare PF levels in
South African children. The study confirmed that South African primary school children
achieved several of the universally recommended cut-points for CRF and PF standards.
Findings from the study, however, highlight the importance of acknowledging the influence
of age, gender and SES on PF when addressing and promoting PF levels in primary school
children through the development of specific health promotion interventions.

The continued use of universal standards and incorporating specific MF tests such as
SLJ, push-ups and sit-ups along with CRF are recommended to provide a good understand-
ing of current but also changing trends in PF and in compiling comprehensive intervention
programs tailored to South African children. This approach will aid in identifying health
risks, while using globally standardised cut-points will further assist with monitoring
youth. Further national research on CRSs is crucial to inform targeted interventions needed
to bridge these disparities and enhance overall PF levels in children from various back-
grounds. Continued exploration of national PF cut-points based on gender, age and SES
specific to SLJ, sit-ups and push-ups is needed to ensure comparable protocols. Annual
implementation and monitoring of fitness tests specific to age, SES and gender should be
conducted by trained professionals in the field of child health and wellness. In addition,
upskilling of physical education teachers is necessary to monitor children’s physical health
continuously within the school context to ensure early intervention. Policymakers should
use these results to make informed decisions on timely implementation of prevention strate-
gies. Based on the current findings, targeted PF intervention with a focus on girls, older
children from the age of 9 and children from low-SES backgrounds should be prioritised.

Author Contributions: Conceptualisation and methodology, A.E.P. and X.M.; data collection and
data analysis, investigation and resources, X.M.; writing—original draft preparation, X.M.; writing—
review and editing, visualisation and supervision, A.E.P., B.G., C.N.M. and N.E.B.; funding acquisi-
tion, A.E.P. All authors have read and agreed to the published version of the manuscript.

Funding: The Medical Research Council of South Africa (MRC), South African Sugar Association
(SASA) and the National Research Foundation (NRF) funded this research project. Any opinions,
findings, conclusions or recommendations emanating from the research are those of the authors and
therefore the MRC, NRF and SASA do not accept any responsibility or liability.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and was approved by the Health Research Ethics Committee of the Faculty of
Health Sciences of the North-West University (00070-09-A1-04) as well as the Department of Basic
Education of the North West Province of South Africa.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: If necessary, AP, the principal investigator of the research project, may
be contacted to obtain the dataset.

Acknowledgments: The authors would like to express their sincere gratitude to all the senior
researchers from the Kinderkinetics program and the 2010, 2013 and 2016 Kinderkinetics Honours
students of North-West University for their assistance in collecting data.

Conflicts of Interest: The authors declare no conflicts of interest.



Int. J. Environ. Res. Public Health 2024, 21, 1554 19 of 21

References
1. Cole, T.J. The Secular Trend in Human Physical Growth: A Biological View. Econ. Hum. Biol. 2003, 1, 161–168. [CrossRef]
2. Tomkinson, G.R.; Léger, L.A.; Olds, T.S.; Cazorla, G. Secular Trends in the Performance of Children and Adolescents (1980–2000).

Sports Med. 2003, 33, 285–300. [CrossRef] [PubMed]
3. Conger, S.A.; Toth, L.P.; Cretsinger, C.; Raustorp, A.; Mitáš, J.; Inoue, S.; Bassett, D.R. Time Trends in Physical Activity Using

Wearable Devices: A Systematic Review and Meta-Analysis of Studies from 1995 to 2017. Med. Sci. Sports Exerc. 2022, 54, 288–298.
[CrossRef] [PubMed]

4. Plowman, S.A.; Meredith, M.D. Fitnessgram/Activitygram Reference Guide, 4th ed.; The Cooper Institute: Dallas, TX, USA, 2013.
5. Lang, J.J.; Tremblay, M.S.; Ortega, F.B.; Ruiz, J.R.; Tomkinson, G.R. Review of Criterion-Referenced Standards for Cardiorespiratory

Fitness: What Percentage of 1 142 026 International Children and Youth Are Apparently Healthy? Br. J. Sports Med. 2019, 53,
953–958. [CrossRef] [PubMed]

6. World Health Organization. Global Action Plan on Physical Activity 2018–2030: More Active People for a Healthier World; World
Health Organization: Geneva, Switzerland, 2018; ISBN 978-92-4-151418-7.

7. Ruiz, J.R.; Cavero-Redondo, I.; Ortega, F.B.; Welk, G.J.; Andersen, L.B.; Martinez-Vizcaino, V. Cardiorespiratory Fitness Cut Points
to Avoid Cardiovascular Disease Risk in Children and Adolescents; What Level of Fitness Should Raise a Red Flag? A Systematic
Review and Meta-Analysis. Br. J. Sports Med. 2016, 50, 1451–1458. [CrossRef]

8. Tomkinson, G.R.; Kaster, T.; Dooley, F.L.; Fitzgerald, J.S.; Annandale, M.; Ferrar, K.; Lang, J.J.; Smith, J.J. Temporal Trends in the
Standing Broad Jump Performance of 10,940,801 Children and Adolescents Between 1960 and 2017. Sports Med. 2021, 51, 531–548.
[CrossRef]

9. Kaster, T.; Dooley, F.L.; Fitzgerald, J.S.; Walch, T.J.; Annandale, M.; Ferrar, K.; Lang, J.J.; Smith, J.J.; Tomkinson, G.R. Temporal
Trends in the Sit-Ups Performance of 9,939,289 Children and Adolescents between 1964 and 2017. J. Sports Sci. 2020, 38, 1913–1923.
[CrossRef]

10. Milanese, C.; Sandri, M.; Cavedon, V.; Zancanaro, C. The Role of Age, Sex, Anthropometry, and Body Composition as Determi-
nants of Physical Fitness in Nonobese Children Aged 6–12. PeerJ 2020, 8, e8657. [CrossRef]

11. Physical Activity. Available online: https://www.who.int/health-topics/physical-activity (accessed on 18 September 2024).
12. Castro-Piñero, J.; Perez-Bey, A.; Cuenca-Garcia, M.; Cabanas-Sanchez, V.; Gómez-Martínez, S.; Veiga, O.L.; Marcos, A.; Ruiz, J.R.;

Marcos, A.; Gomez-Martinez, S.; et al. Muscle Fitness Cut Points for Early Assessment of Cardiovascular Risk in Children and
Adolescents. J. Pediatr. 2019, 206, 134–141.e3. [CrossRef]

13. Eler, N. The Relationship between Body Composition and Physical Fitness Parameters in Children. Int. Educ. Stud. 2018, 11, 71.
[CrossRef]

14. Hamlin, M.J.; Fraser, M.; Lizamore, C.A.; Draper, N.; Shearman, J.P.; Kimber, N.E. Measurement of Cardiorespiratory Fitness in
Children from Two Commonly Used Field Tests After Accounting for Body Fatness and Maturity. J. Hum. Kinet. 2014, 40, 83–92.
[CrossRef] [PubMed]

15. Smith, D.; Adams, L.; Du Randt, R.; Degen, J.; Gall, S.; Joubert, N.; Müller, I.; Nqweniso, S.; Pühse, U.; Steinmann, P.; et al.
Physical Fitness and Nutritional Anthropometric Status of Children from Disadvantaged Communities in the Nelson Mandela
Bay Region. S. Afr. J. Sports Med. 2020, 32, 1–8. [CrossRef] [PubMed]

16. Johansson, L.; Brissman, M.; Morinder, G.; Westerståhl, M.; Marcus, C. Reference Values and Secular Trends for Cardiorespiratory
Fitness in Children and Adolescents with Obesity. Acta Paediatr. 2020, 109, 1665–1671. [CrossRef]

17. Tomkinson, G.R.; Carver, K.D.; Atkinson, F.; Daniell, N.D.; Lewis, L.K.; Fitzgerald, J.S.; Lang, J.J.; Ortega, F.B. European
Normative Values for Physical Fitness in Children and Adolescents Aged 9–17 Years: Results from 2 779 165 Eurofit Performances
Representing 30 Countries. Br. J. Sports Med. 2018, 52, 1445–1456. [CrossRef] [PubMed]

18. Cooper Institute. Fitnessgram/Activitygram: Test Administration Manual; Meredith, M.D., Welk, G., Eds.; Updated Fourth Edition;
Human Kinetics: Champaign, IL, USA, 2010; ISBN 978-0-7360-9992-9.

19. Pinto, A.A.; Marques, A.P.C.; Pelegrini, A. Secular Trends in Physical Activity in Adolescents: A Systematic Review. J. Taibah Univ.
Med. Sci. 2023, 18, 207–216. [CrossRef]

20. Köster, P.; Hohmann, A.; Niessner, C.; Siener, M. Health-Related Motor Testing of Children in Primary School: A Systematic
Review of Criterion-Referenced Standards. Children 2021, 8, 1046. [CrossRef]

21. Ahmad, N.; Asim, H.H.; Juatan, N.; Hipni, N.E.; Ithnain, N.; Ahmad Sanusi, N.H.; Harun, S.N.F.; Zakaria, M.R.; Jaafar, N.;
Mohamed, M.H.; et al. Contributing Factors to Decline in Physical Activity Among Adolescents: A Scoping Review. Malays. J.
Soc. Sci. Humanit. 2021, 6, 447–463. [CrossRef]

22. Sfm, C.; Van Cauwenberg, J.; Maenhout, L.; Cardon, G.; Lambert, E.V.; Van Dyck, D. Inequality in Physical Activity, Global Trends
by Income Inequality and Gender in Adults. Int. J. Behav. Nutr. Phys. Act. 2020, 17, 142. [CrossRef]

23. Aubert, S.; Barnes, J.D.; Demchenko, I.; Hawthorne, M.; Abdeta, C.; Abi Nader, P.; Adsuar Sala, J.C.; Aguilar-Farias, N.; Aznar, S.;
Bakalár, P.; et al. Global Matrix 4.0 Physical Activity Report Card Grades for Children and Adolescents: Results and Analyses
From 57 Countries. J. Phys. Act. Health 2022, 19, 700–728. [CrossRef]

24. Lang, J.J.; Tremblay, M.S.; Léger, L.; Olds, T.; Tomkinson, G.R. International Variability in 20 m Shuttle Run Performance in
Children and Youth: Who Are the Fittest from a 50-Country Comparison? A Systematic Literature Review with Pooling of
Aggregate Results. Br. J. Sports Med. 2018, 52, 276. [CrossRef]

https://doi.org/10.1016/S1570-677X(02)00033-3
https://doi.org/10.2165/00007256-200333040-00003
https://www.ncbi.nlm.nih.gov/pubmed/12688827
https://doi.org/10.1249/MSS.0000000000002794
https://www.ncbi.nlm.nih.gov/pubmed/34559725
https://doi.org/10.1136/bjsports-2016-096955
https://www.ncbi.nlm.nih.gov/pubmed/28254744
https://doi.org/10.1136/bjsports-2015-095903
https://doi.org/10.1007/s40279-020-01394-6
https://doi.org/10.1080/02640414.2020.1763764
https://doi.org/10.7717/peerj.8657
https://www.who.int/health-topics/physical-activity
https://doi.org/10.1016/j.jpeds.2018.10.026
https://doi.org/10.5539/ies.v11n9p71
https://doi.org/10.2478/hukin-2014-0010
https://www.ncbi.nlm.nih.gov/pubmed/25031676
https://doi.org/10.17159/2078-516X/2020/v32i1a8158
https://www.ncbi.nlm.nih.gov/pubmed/36818972
https://doi.org/10.1111/apa.15163
https://doi.org/10.1136/bjsports-2017-098253
https://www.ncbi.nlm.nih.gov/pubmed/29191931
https://doi.org/10.1016/j.jtumed.2022.09.004
https://doi.org/10.3390/children8111046
https://doi.org/10.47405/mjssh.v6i9.998
https://doi.org/10.1186/s12966-020-01039-x
https://doi.org/10.1123/jpah.2022-0456
https://doi.org/10.1136/bjsports-2016-096224


Int. J. Environ. Res. Public Health 2024, 21, 1554 20 of 21

25. Uys, M.; Bassett, S.; Draper, C.E.; Micklesfield, L.; Monyeki, A.; De Villiers, A.; Lambert, E.V.; The HAKSA 2016 Writing Group.
Results From South Africa’s 2016 Report Card on Physical Activity for Children and Youth. J. Phys. Act. Health 2016, 13, S265–S273.
[CrossRef] [PubMed]

26. Monyeki, M.A.; Koppes, L.L.J.; Kemper, H.C.G.; Monyeki, K.D.; Toriola, A.L.; Pienaar, A.E.; Twisk, J.W.R. Body Composition and
Physical Fitness of Undernourished South African Rural Primary School Children. Eur. J. Clin. Nutr. 2005, 59, 877–883. [CrossRef]
[PubMed]

27. Pienaar, A.E. Prevalence of Overweight and Obesity among Primary School Children in a Developing Country: NW-CHILD
Longitudinal Data of 6–9-Yr-Old Children in South Africa. BMC Obes. 2015, 2, 2. [CrossRef] [PubMed]

28. Draper, C.E.; Tomaz, S.A.; Harbron, J.; Kruger, H.S.; Micklesfield, L.K.; Monyeki, A.; Lambert, E.V.; Haksa, A.M.O.T. Results from
the Healthy Active Kids South Africa 2018 Report Card. S. Afr. J. Child Health 2019, 13, 130. [CrossRef]

29. Armstrong, M.E.G.; Lambert, E.V.; Lambert, M.I. Physical Fitness of South African Primary School Children, 6 to 13 Years of Age:
Discovery Vitality Health of the Nation Study. Percept. Mot. Ski. 2011, 113, 999–1016. [CrossRef]

30. Van Biljon, A.; McKune, A.J.; DuBose, K.D.; Kolanisi, U.; Semple, S.J. Physical Activity Levels in Urban-Based South African
Learners: A Cross-Sectional Study of 7 348 Participants. S. Afr. Med. J. 2018, 108, 126. [CrossRef]

31. Haywood, X.; Pienaar, A.E. The Mediating Effect of Physical Fitness on Long Term Influences of Overweight in Primary School
Girls’ Academic Performance. J. Sports Med. Phys. Fit. 2020, 61, 63–74. [CrossRef]

32. Haywood, X.; Pienaar, A.E. Long-Term Influences of Stunting, Being Underweight, and Thinness on the Academic Performance
of Primary School Girls: The NW-CHILD Study. Int. J. Environ. Res. Public Health 2021, 18, 8973. [CrossRef]

33. Agata, K.; Monyeki, M.A. Association Between Sport Participation, Body Composition, Physical Fitness, and Social Correlates
Among Adolescents: The PAHL Study. Int. J. Environ. Res. Public Health 2018, 15, 2793. [CrossRef]

34. Mamabolo, R.; Kruger, H.; Lennox, A.; Monyeki, M.; Pienaar, A.; Underhay, C.; Czlapka-Matyasik, M. Habitual Physical Activity
and Body Composition of Black Township Adolescents Residing in the North West Province, South Africa. Public Health Nutr.
2007, 10, 1047–1056. [CrossRef]

35. Nyawose, Z.Z.; Naidoo, R.; Christie, C.; Bassett, S.; Coetzee, D.; Van Gent, M.; Monyeki, A.; Gradidge, P.; Janse Van Rensburg, C.;
Cozett, C.; et al. Results From South Africa’s 2022 Healthy Active Kids’ Report Card on Physical Activity, Body Composition
Proxies, and Nutritional Status in Children and Adolescents. J. Phys. Act. Health 2024, 21, 861–871. [CrossRef] [PubMed]

36. Statistics South Africa. Five Facts About Poverty in South Africa; Statistics South Africa: Pretoria, South Africa, 2019.
37. Statistics South Africa. Unemployment in South Africa: A Youth Perspective; Statistics South Africa: Pretoria, South Africa, 2024.
38. De Waal, E.; Pienaar, A.E. Influences of Early Motor Proficiency and Socioeconomic Status on the Academic Achievement of

Primary School Learners: The NW-CHILD Study. Early Child. Educ. J. 2020, 48, 671–682. [CrossRef]
39. Statistics South Africa. Migration Profile Report for South Africa: A Country Profile 2023; Statistics South Africa: Pretoria, South

Africa, 2024.
40. Esparaza-Ros, F.; Vaquero-Cristobal, R.; Marfell-Jones, M. International Standards for Anthropometric Assessments; The International

Society for the Advancement of Kinanthropometry (ISAK): Murcia, Spain, 2019.
41. Cole, T.J.; Flegal, K.M.; Nicholls, D.; Jackson, A.A. Body Mass Index Cut Offs to Define Thinness in Children and Adolescents:

International Survey. BMJ 2007, 335, 194. [CrossRef] [PubMed]
42. SAS Institute Inc. SAS OnlineDoc®9.4, SAS Institute Antroplus: Carry, NC, USA, 2011.
43. Mahar, M.T.; Welk, G.J.; Rowe, D.A. Estimation of Aerobic Fitness from PACER Performance with and without Body Mass Index.

Meas. Phys. Educ. Exerc. Sci. 2018, 22, 239–249. [CrossRef]
44. Bruininks, R.H.; Bruininks, B.D. BOT-2 Bruininks-Oseretsky Test of Motor Proficiency, 2nd ed.; Pearson Assessments: Minneapolis,

MN, USA, 2005.
45. IBM Corp. IBM SPSS Statistics for Windows; IBM Co.: Armonk, NY, USA, 2022.
46. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Reprint; Psychology Press: New York, NY, USA, 2009; ISBN

978-0-8058-0283-2.
47. Castro-Piñero, J.; Ortega, F.B.; Artero, E.G.; Girela-Rejón, M.J.; Mora, J.; Sjöström, M.; Ruiz, J.R. Assessing Muscular Strength in

Youth: Usefulness of Standing Long Jump as a General Index of Muscular Fitness. J. Strength Cond. Res. 2010, 24, 1810. [CrossRef]
[PubMed]

48. Thomas, E.; Petrigna, L.; Tabacchi, G.; Teixeira, E.; Pajaujiene, S.; Sturm, D.J.; Sahin, F.N.; Gómez, M.; Pausic, J.; Paoli, A.; et al.
Percentile Values of the Standing Broad Jump in Children and Adolescents Aged 6–18 Years Old. Eur. J. Transl. Myol. 2020,
30, 9050. [CrossRef]

49. Kolimechkov, S.; Petrov, L.; Alexandrova, A. Alpha-fit test battery norms for children and adolescents from 5 to 18 years of age
obtained by a linear interpolation of existing European physical fitness references. Eur. J. Phys. Educ. 2019, 5, 2. [CrossRef]

50. Africa, E.; Stryp, O.V.; Musálek, M. The Influence of Cultural Experiences on the Associations between Socio-Economic Status
and Motor Performance as Well as Body Fat Percentage of Grade One Learners in Cape Town, South Africa. Int. J. Environ. Res.
Public Health 2021, 19, 121. [CrossRef]

51. Niessner, C.; Utesch, T.; Oriwol, D.; Hanssen-Doose, A.; Schmidt, S.C.E.; Woll, A.; Bös, K.; Worth, A. Representative Percentile
Curves of Physical Fitness From Early Childhood to Early Adulthood: The MoMo Study. Front. Public Health 2020, 8, 458.
[CrossRef]

https://doi.org/10.1123/jpah.2016-0409
https://www.ncbi.nlm.nih.gov/pubmed/27848725
https://doi.org/10.1038/sj.ejcn.1602153
https://www.ncbi.nlm.nih.gov/pubmed/15915157
https://doi.org/10.1186/s40608-014-0030-4
https://www.ncbi.nlm.nih.gov/pubmed/26217517
https://doi.org/10.7196/SAJCH.2019.v13i3.1640
https://doi.org/10.2466/06.10.13.PMS.113.6.999-1016
https://doi.org/10.7196/SAMJ.2018.v108i2.12766
https://doi.org/10.23736/S0022-4707.20.10192-0
https://doi.org/10.3390/ijerph18178973
https://doi.org/10.3390/ijerph15122793
https://doi.org/10.1017/S1368980007668724
https://doi.org/10.1123/jpah.2023-0708
https://www.ncbi.nlm.nih.gov/pubmed/39117305
https://doi.org/10.1007/s10643-020-01025-9
https://doi.org/10.1136/bmj.39238.399444.55
https://www.ncbi.nlm.nih.gov/pubmed/17591624
https://doi.org/10.1080/1091367X.2018.1427590
https://doi.org/10.1519/JSC.0b013e3181ddb03d
https://www.ncbi.nlm.nih.gov/pubmed/20555277
https://doi.org/10.4081/ejtm.2020.9050
https://doi.org/10.5281/ZENODO.2546360
https://doi.org/10.3390/ijerph19010121
https://doi.org/10.3389/fpubh.2020.00458


Int. J. Environ. Res. Public Health 2024, 21, 1554 21 of 21

52. Gherghel, T.S. Strength Motor Quality: Trends and Differences by Gender and Age among Urban Primary School Students. In
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2023; pp. 73–78. [CrossRef]

53. Castro-Piñero, J.; González-Montesinos, J.L.; Mora, J.; Keating, X.D.; Girela-Rejón, M.J.; Sjöström, M.; Ruiz, J.R. Percentile Values
for Muscular Strength Field Tests in Children Aged 6 to 17 Years: Influence of Weight Status. J. Strength Cond. Res. 2009, 23,
2295–2310. [CrossRef]

54. Physical Activity. Available online: https://www.who.int/news-room/fact-sheets/detail/physical-activity (accessed on 18
September 2024).

55. Mota, J.; Guerra, S.; Leandro, C.; Pinto, A.; Ribeiro, J.C.; Duarte, J.A. Association of Maturation, Sex, and Body Fat in Cardiorespi-
ratory Fitness. Am. J. Hum. Biol. 2002, 14, 707–712. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.31926/but.shk.2023.16.65.1.9
https://doi.org/10.1519/JSC.0b013e3181b8d5c1
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.1002/ajhb.10086
https://www.ncbi.nlm.nih.gov/pubmed/12400030

	Introduction 
	Materials and Methods 
	Research Design 
	Ethical Considerations 
	Study Population and Procedures 
	Measurement Instruments and Apparatus 
	Anthropometric Measurements 
	Progressive Aerobic Cardiovascular Endurance (PACER) Test 
	Bruininks–Oseretsky Test of Motor Proficiency, Second Edition (BOT-2) 

	Statistical Analysis 

	Results 
	Discussion 
	Comparing Criteria Reference Standards (CRSs) and Interaction Effects of Age, Gender and SES on MF and CRF 
	CRSs and Interaction Effects of Age and SES for V-Ups and Wall-Sitting 
	CRSs and Interaction Effects of Age and SES for Standing Long Jump 
	CRSs and Interaction Effects of Age, SES and Gender for Push-Ups 
	CRSs and Interaction Effects of Age and Gender for Sit-Ups 
	CRSs and Interaction Effects of Age, SES and Gender for VO2max (CRF) 

	Utilising International CRSs in South African Child Populations 
	Strengths and Limitations 

	Conclusions 
	References

